The 
INTRODUCTION
The Magnetic Flux Leakage Testing (MFLT) is proven to be effective for non-destructive testing of ferromagnetic surface such as steel pipeline, oil-gas pipeline, structure of power plants, wire-rope and aircrafts structure [1] [2] [3] [4] [5] [6] [7] [8] . The purpose is to evaluate the condition of the surfaces and perform necessary maintenance to avoid fatal accidents.
Today, many researchers have proposed the techniques for ferromagnetic surface evaluation in the industries. Most of it is based on the MLFT principle. A.Gasparics et al [1] introduced the fluxset magnetic sensor for magnetic imaging of surface in aviation related non-destructive testing (NDT). J.S.Hwang et al [2] introduced the area-type magnetic camera constructed from 2-D Hall sensor array for ferromagnetic surface cracks evaluation. J.Y.Lee et al [3] proposed the linearly integrated Hall sensor array for ferromagnetic materials evaluation. L.J.Yang et al [4] stated the used of Hall sensor and coil sensor for oil-gas pipeline surface evaluation. X.Li et al [5] used the 3D finite element method (FEM) to calculate and modeled magnetic flux leakage on defects of steel pipeline surface. J.Z.Chen et al [6] proposed the MFLT based evaluation of oil wells surface with Gaussian Kernel RBF Neural Network. Y.N Cao et al [8] used Hall sensor array to capture the 2-D magnetic leakage signals around the surface of a defective wire-rope.
This research focused on the design and development of Mobile Hall Sensor Array (MHS) system for ferromagnetic shape evaluation. The ferromagnetic shape magnetic imaging served as the prototype design in developing a MHS system to perform ferromagnetic surface cracks evaluation underneath a non-ferromagnetic surface. The device operation is fully automated during the ferromagnetic shape evaluation without the need of human interaction. It operates based on the MFLT principle where magnetic flux of ferromagnetic shape is sampled and analyzed. The MHS system comprised of three major modules mainly the signals sensing unit (SSU), signals acquisition unit (SAU) and signals processing unit (SPU). The SSU consists of a 1-D linearly integrated Hall sensor array responsible for the detection of magnetic flux on a ferromagnetic shape. The SAU consists of analog multiplexer connected to microcontroller responsible for the digitization of MFLT signals from SSU and digitized signals transfer to SPU. Lastly, the SPU consists of a computer with Hall Sensor Signals Array Processing (H-SAP) application software for signals array processing.
II. PRINCIPLE OF OPERATION FOR MOBILE HALL SENSOR

ARRAY SYSTEM
This section explicitly explains the principle of operation for Mobile Hall Sensor Array (MHS) system. The MHS system detection principle is mainly based on the MFLT principle on the magnetized ferromagnetic shape under evaluation. The magnetic flux from permanent magnet A and B flow across the specimen as the MHS system navigates across in the y-axis direction shown in Figure 1 . The 1-D linearly integrated Hall sensor array is employed to detect magnetic field change on the magnetized ferromagnetic shape. The MHS system has 2 DC motors installed on both side of rear wheels. Both motors are moved at a constant speed in the direction from L 1 to L 2 shown in Figure 1 . A part from that, the magnetic gap is an important parameter in determining the sensitivity of the MHS for ferromagnetic shape evaluation. The magnetic gap between the Hall sensor array and the ferromagnetic material shown in Figure 1 is defined in Equation (1) T 2 is the vertical gap between the non-ferromagnetic surface and the ferromagnetic surface.
The constant speed for MHS system movement is crucial to minimize the distortion of magnetic image constructed based on the induced voltage of the specimens for magnetized shape evaluation. The permanent magnet bar on the mobile system is employed to real-time magnetize the ferromagnetic shape under evaluation while moving forward. The magnetic field distribution change is detected by the MHS system; hence, the magnetic field distribution change creates induced voltage signals. The induced voltage signals from the Hall sensor array is used to construct the magnetic image of the ferromagnetic shapes under evaluation. The signal processing flow for the MHS system is shown in Figure 2 
III. SIGNAL PROCESSING FOR MOBILE HALL SENSOR ARRAY SYSTEM
This section explicitly explains the algorithm proposed for signal processing of Mobile Hall Sensor Array (MHS) system. The general purpose microprocessor (GPM) is employed for signals array processing of MHS system. The GPM is becoming popular for digital signal processing due to its high speed execution core and availability at lower cost [9, 10] . Hence, the netbook with Intel Atom N450 at 1. Prior to operation to perform ferromagnetic shape evaluation, the MHS system is idled for 1s for device initialization. During initialization, the reference signals for each Hall sensor is captured into the array defined in H-SAP application. In the H-SAP application, an array with 33 elements is defined to store reference signal from each Hall sensor from the 1-D Hall sensor array. The Equation (4), (5) and (6) The experiments to evaluate the shape of specimens SS400 mild steel shown in Figure 5 are performed with the Mobile Hall Sensor Array System experiment setup shown in Figure 1 . The MHS system is moving at a constant speed of 20mm/s. The specimens are placed underneath the non-ferromagnetic surface separately in order to distinguish the magnetic images of various shape surfaces. The thickness of the nonferromagnetic surface is 5mm and the vertical gap between the 1-D Hall sensor array and the non-ferromagnetic surface is 5mm. Thus, the magnetic gap, T 1 + T 2 is fixed at 10mm.
During the experiment, the MHS system is moved forward from L 1 to L 2 shown in Figure 1 . The real-time signals array processing of 1-D Hall sensor array is accomplished by connecting the mobile system to the netbook loaded with H-SAP application software. The H-SAP is invoked concurrently as the mobile system started to move forward. While moving forward from L 1 to L 2 , the 1-D array signals are continuously constructed and appended into the 2-D array shown in Figure  4 . As the shape evaluation completed, the 2-D array signals is output to a text file in matrix form. The 2-D signals array matrix is then used to construct the magnetic images of specimens SS400 mild steel in various shapes are shown in Figure 6 (a), 6(b) and 6(c). ii. The induced voltage increases towards the center of the SS400 mild steel specimens' surface. This implies the induced magnetic field, B increases towards the center of the specimens' surface as induced magnetic field is directly proportion with induced voltage according to Hall effects equation.
iii. The magnetic images of Figure 6 (a), 6(b) and 6(c) illustrated the shapes of the specimens including square, round and triangle.
In order to improve the imaging techniques for the shapes of ferromagnetic materials, the image interpolation technique is proposed. In order to employ the image interpolation technique, the magnetic images for various shapes of ferromagnetic materials are constructed by considering the absolute induced voltage signals from the 1-D Hall sensor array. From absolute induced voltage, the absolute induced magnetic field can be obtained with Equation (7). Figure  6 (a), 6(b) and 6(c). In addition, the below are also observed.
i. Complete and smooth magnetic images (no-gap in between magnetization polarity change) are constructed for various shapes of ferromagnetic materials. The shapes can be clearly identified from the magnetic images e.g square, round and triangle.
ii. The magnitude of induced magnetic field increases towards the center of ferromagnetic shapes. This implies the magnetic flux distribution is more concentrated at the center of the ferromagnetic shapes.
iv. For various ferromagnetic shapes, the maximum magnitude of induced voltage is less than 1.00V and induced magnetic field is less than 300 Gauss.
The results presented in this section proved the ability of MHS system in ferromagnetic shapes detection through the magnetic imaging technique with induced voltage, V induced and magnetic field, B induced . The magnitudes of magnetic flux distributions for various shapes are clearly illustrated in the magnetic images of Figure 8 
V. CONCLUSIONS
The prototype of MHS system is successfully developed by integrating SSU, SAU and SPU. In the MHS system, signal array processing algorithm plays a crucial role in the magnetic imaging of ferromagnetic shapes as the 2-D signals array matrix is constructed by the H-SAP application software. Based on the results, the defined signal processing algorithm in H-SAP application software is capable for magnetic imaging of various ferromagnetic shapes. The signal processing algorithms successfully differentiated the magnetic images of various ferromagnetic shapes based on the induced voltage as well as induced magnetic field. Hence, the objective of shape evaluation of ferromagnetic materials with Mobile Hall Sensor Array System is met. However, there are still future works to be carried-out to enhance the usage model of MHS system.
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